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VIRTUAL KEYBOARD INTERACTION USING 
TOUCH INPUT FORCE 

CROSS REFERENCE TO OTHER 
APPLICATIONS 

This application claims priority to U.S. Provisional Patent 
Application No. 61/561,660 entitled TOUCH SCREEN 
SYSTEM UTILIZING ADDITIONAL AXIS INFORMA 
TION FOR SELECTED APPLICATIONS filed Nov. 18, 
2011 which is incorporated herein by reference for all pur 
poses. 

This application claims priority to U.S. Provisional Patent 
Application No. 61/561,697 entitled TOUCH SCREEN 
SYSTEM UTILIZING ADDITIONAL AXIS INFORMA 
TION filed Nov. 18, 2011 which is incorporated herein by 
reference for all purposes. 

This application claims priority to U.S. Provisional Patent 
Application No. 61/673,102 entitled UTILIZING TOUCH 
PRESSURE INFORMATION IN GRAPHICAL, USER 
INTERFACES filed Jul. 18, 2012 which is incorporated 
herein by reference for all purposes. 

BACKGROUND OF THE INVENTION 

Various technologies have been used to detectatouch input 
on a display area. The most popular technologies today 
include capacitive and resistive touch detection technology. 
Using resistive touch technology, often a glass panel is coated 
with multiple conductive layers that register touches when 
physical pressure is applied to the layers to force the layers to 
make physical contact. Using capacitive touch technology, 
often a glass panel is coated with material that can hold an 
electrical charge sensitive to a human finger. By detecting the 
change in the electrical charge due to a touch, a touch location 
can be detected. However, with resistive and capacitive touch 
detection technologies, the glass screen is required to be 
coated with a material that reduces the clarity of the glass 
screen. Additionally, because the entire glass screen is 
required to be coated with a material, manufacturing and 
component costs can become prohibitively expensive as 
larger screens are desired. 

Another type of touch detection technology includes Sur 
face acoustic wave technology. One example includes the Elo 
Touch Systems Acoustic Pulse Recognition, commonly 
called APR, manufactured by Elo Touch Systems of 301 
Constitution Drive, Menlo Park, Calif. 94025. The APR sys 
tem includes transducers attached to the edges of a touch 
screen glass that pickup the Sound emitted on the glass due to 
a touch. However, the Surface glass may pick up other exter 
nal Sounds and vibrations that reduce the accuracy and effec 
tiveness of the APR system to efficiently detect a touch input. 
Another example includes the Surface Acoustic Wave-based 
technology, commonly called SAW, such as the Elo Intelli 
Touch PlusTM of Elo Touch Systems. The SAW technology 
sends ultrasonic waves in a guided pattern using reflectors on 
the touch screen to detect a touch. However, sending the 
ultrasonic waves in the guided pattern increases costs and 
may be difficult to achieve. Detecting additional types of 
inputs, such as multi-touch inputs, may not be possible or may 
be difficult using SAW or APR technology. 

Additionally, current touch detection technology cannot 
reliably, accurately, and efficiently detect pressure or force of 
a touch input. Although prior attempts have been made to 
detect pressure of touch input by measuring the relative size 
of a touch input (e.g., as a finger presses harder on a screen, 
area of the finger contacting the screen proportionally 
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2 
increases), these attempts produce unreliable results when a 
hard stylus or different sized fingers are used. Therefore there 
exists a need for a better way to detect an input on a surface. 
Once force or pressure of a touch input can be reliably 
detected, user interface interaction utilizing force or pressure 
may be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various embodiments of the invention are disclosed in the 
following detailed description and the accompanying draw 
ings. 

FIG. 1 is a block diagram illustrating an embodiment of a 
system for detecting a Surface disturbance. 

FIG. 2 is a block diagram illustrating an embodiment of a 
system for detecting a touch input. 

FIG. 3 is a flow chart illustrating an embodiment of a 
process for calibrating and validating touch detection. 

FIG. 4 is a flow chart illustrating an embodiment of a 
process for detecting a user touch input. 

FIG. 5 is a flow chart illustrating an embodiment of a 
process for determining a location associated with a distur 
bance on a surface. 

FIG. 6 is a flow chart illustrating an embodiment of a 
process for determining a location associated with a distur 
bance. 

FIG. 7 is a flowchart illustrating an embodiment of a pro 
cess of determining a force associated with a user input. 

FIG. 8 is a flowchart illustrating an embodiment of a pro 
cess for determining an entry of a data structure used to 
determine a force intensity identifier. 

FIG. 9 includes graphs illustrating examples of a relation 
ship between a normalized amplitude value of a measured 
disturbance and an applied force. 

FIG. 10 is a flowchart illustrating an embodiment of a 
process for providing a combined force. 

FIG. 11 is a flowchart illustrating an embodiment of a 
process for providing a user interface interaction. 

FIG. 12 is a diagram showing an example user interface 
interaction using force information to drag and drop an item 
into a file system folder. 

FIG. 13 is a diagram showing an example user interface 
interaction using force information to provide a context 
C. 

FIG. 14 and FIG. 15 are diagrams showing examples of 
user interface interactions using force information to navigate 
a C. 

FIG. 16 is a diagram showing an example user interface 
interaction using force information to interact with a virtual 
keyboard. 

FIG. 17 and FIG. 18 are diagrams showing example user 
interface interactions using force information to Zoom and 
select user interface objects. 

FIG. 19 is a graph illustrating an example of a relationship 
between detected touch input force and direction of change in 
audio Volume. 

FIG. 20 is a diagram showing an example user interface 
interaction using force information to interact with a slider 
bar. 

DETAILED DESCRIPTION 

The invention can be implemented in numerous ways, 
including as a process; an apparatus; a system; a composition 
of matter, a computer program product embodied on a com 
puter readable storage medium; and/or a processor, such as a 
processor configured to execute instructions stored on and/or 
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provided by a memory coupled to the processor. In this speci 
fication, these implementations, or any other form that the 
invention may take, may be referred to as techniques. In 
general, the order of the steps of disclosed processes may be 
altered within the scope of the invention. Unless stated oth 
erwise, a component Such as a processor or a memory 
described as being configured to performa task may be imple 
mented as a general component that is temporarily configured 
to perform the task at a given time or a specific component 
that is manufactured to perform the task. As used herein, the 
term processor refers to one or more devices, circuits, and/or 
processing cores configured to process data, Such as computer 
program instructions. 
A detailed description of one or more embodiments of the 

invention is provided below along with accompanying figures 
that illustrate the principles of the invention. The invention is 
described in connection with such embodiments, but the 
invention is not limited to any embodiment. The scope of the 
invention is limited only by the claims and the invention 
encompasses numerous alternatives, modifications and 
equivalents. Numerous specific details are set forth in the 
following description in order to provide a thorough under 
standing of the invention. These details are provided for the 
purpose of example and the invention may be practiced 
according to the claims without some or all of these specific 
details. For the purpose of clarity, technical material that is 
known in the technical fields related to the invention has not 
been described in detail so that the invention is not unneces 
sarily obscured. 

Detecting a force of a touch input is disclosed. In some 
embodiments, an acoustic transducer transmits an acoustic 
wave through a medium of a touch input surface. The acoustic 
wave may be scattered by the touch input producing a scat 
tered acoustic wave. An acoustic detector that detects the 
scattered acoustic wave and the acoustic detector outputs a 
signal indicating variation of the acoustic wave that is indica 
tive of an amount of force associated with the touch input. In 
Some embodiments, the force of a touch input is associated 
with the amount of deflection or movement of a touch surface 
medium caused by a touch input. For example, as a finger or 
stylus touches and pushes a touch input Surface harder, the 
amount of force detected gets functionally larger as well. The 
pressure of a touch input is the force of touch input per unit 
area of the touch input. For example, the total force of a touch 
input divided by the area of contact of the touch input equals 
the pressure of the touch input. Although force of a touch 
input is utilized in the specification, pressure of a touch input 
may be used as well. In some cases, when a user pushes harder 
ona Surface Such as a touchscreen display with a fingertip, the 
pressure of the touch input may stay Substantially constant 
because the size of the fingertip in contact with the surface 
becomes larger due to the softness of the fingertip. In order to 
detect that the user is pushing harder on the Surface, the total 
force of the touch input may be used instead of the pressure of 
the touch input. In some embodiments, a force of a touch 
input is used to provide user interface interaction. 

In some embodiments, a user touch input on the glass 
Surface of a display Screen is detected. In some embodiments, 
a signal Such as an acoustic or ultrasonic signal is propagated 
freely through a propagating medium with a surface using a 
transmitter coupled to the medium. When the surface is 
touched, the propagated signal is disturbed (e.g., the touch 
causes an interference with the propagated signal). In some 
embodiments, the disturbed signal is received at a sensor 
coupled to the propagating medium. By processing the 
received signal and comparing it against an expected signal 
without the disturbance, a location on the Surface associated 
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4 
with the touch input is at least in part determined. For 
example, the disturbed signal is received at a plurality of 
sensors and a relative time difference between when the dis 
turbed signal was received at different sensors is used to 
determine the location on the surface. In various embodi 
ments, the touch includes a physical contact to a surface using 
a human finger, pen, pointer, stylus, and/or any other body 
parts or objects that can be used to contact or disturb the 
Surface. In some embodiments, the touch includes an input 
gesture and/or a multi-touch input. 

In Some embodiments, the disturbed signal is used to deter 
mine one or more of the following associated with a touch 
input: a gesture, a coordinate position, a time, a time frame, a 
direction, a Velocity, a force magnitude, a proximity magni 
tude, a pressure, a size, and other measurable or derived 
parameters. In some embodiments, by detecting disturbances 
of a freely propagated signal, touch input detection technol 
ogy can be applied to larger Surface regions with less or no 
additional cost due to a larger Surface region as compared to 
certain previous touch detection technologies. Additionally, 
the optical transparency of a touch screen may not have to be 
affected as compared to resistive and capacitive touch tech 
nologies. Merely by way of example, the touch detection 
described herein can be applied to a variety of objects such as 
a kiosk, an ATM, a computing device, an entertainment 
device, a digital signage apparatus, a cell phone, a tablet 
computer, a point of sale terminal, a food and restaurant 
apparatus, a gaming device, a casino game and application, a 
piece of furniture, a vehicle, an industrial application, a finan 
cial application, a medical device, an appliance, and any other 
objects or devices having Surfaces. 

FIG. 1 is a block diagram illustrating an embodiment of a 
system for detecting a Surface disturbance. In some embodi 
ments, the system shown in FIG. 1 is included in a kiosk, an 
ATM, a computing device, an entertainment device, a digital 
signage apparatus, a cell phone, a tablet computer, a point of 
sale terminal, a food and restaurant apparatus, a gaming 
device, a casino game and application, a piece of furniture, a 
vehicle, an industrial application, a financial application, a 
medical device, an appliance, and any other objects or devices 
having Surfaces. Propagating signal medium 102 is coupled 
to transmitters 104,106, 108, and 110 and sensors 112, 114, 
116, and 118. In various embodiments, the propagating 
medium includes one or more of the following: panel, table, 
glass, screen, door, floor, whiteboard, glass, plastic, wood, 
steel, metal, semiconductor, insulator, conductor, and any 
medium that is able to propagate an acoustic or ultrasonic 
signal. For example, medium 102 is glass of a display screen. 
A first surface of medium 102 includes a surface area where 
a user may touch to provide a selection input and a substan 
tially opposite surface of medium 102 is coupled to the trans 
mitters and sensors shown in FIG.1. In various embodiments, 
a surface of medium 102 is substantially flat, curved, or 
combinations thereof and may be configured in a variety of 
shapes such as rectangular, Square, oval, circular, trapezoidal, 
annular, or any combination of these, and the like. 

Examples of transmitters 104, 106, 108, and 110 include 
piezoelectric transducers, electromagnetic transducers, trans 
mitters, sensors and/or any other transmitters and transducers 
capable of propagating a signal through medium 102. 
Examples of sensors 112, 114, 116, and 118 include piezo 
electric transducers, electromagnetic transducers, transmit 
ters and/or any other sensors and transducers capable of 
detecting a signal on medium 102. In some embodiments, the 
transmitters and sensors shown in FIG. 1 are coupled to 
medium 102 in a manner that allows a user input to be 
detected in a predetermined region of medium 102. Although 
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four transmitters and four sensors are shown, any number of 
transmitters and any number of sensors may be used in other 
embodiments. For example, two transmitters and three sen 
sors may be used. In some embodiments, a single transducer 
acts as both a transmitter and a sensor. For example, trans 
mitter 104 and sensor 112 represent a single piezoelectric 
transducer. In the example shown, transmitter 104 may propa 
gate a signal through medium 102. Sensors 112, 114,116, and 
118 receive the propagated signal. In another embodiment, 
the transmitters/sensors in FIG. 1 are attached to a flexible 
cable coupled to medium 102 via an encapsulant and/or glue 
material and/or fasteners. 

Touch detector 120 is connected to the transmitters and 
sensors shown in FIG.1. In some embodiments, detector 120 
includes one or more of the following: an integrated circuit 
chip, a printed circuit board, a processor, and other electrical 
components and connectors. Detector 120 determines and 
sends a signal to be propagated by transmitters 104,106, 108, 
and 110. Detector 120 also receives the signal detected by 
sensors 112, 114, 116, and 118. The received signals are 
processed by detector 120 to determine whether a disturbance 
associated with a user input has been detected at a location on 
a surface of medium 102 associated with the disturbance. 
Detector 120 is in communication with application system 
122. Application system 122 uses information provided by 
detector 120. For example, application system 122 receives 
from detector 120 a coordinate associated with a user touch 
input that is used by application system 122 to control a 
Software application of application system 122. In some 
embodiments, application system 122 includes a processor 
and/or memory/storage. In other embodiments, detector 120 
and application system 122 are at least in part included/ 
processed in a single processor. An example of data provided 
by detector 120 to application system 122 includes one or 
more of the following associated with a user indication: a 
location coordinate of a Surface of medium 102, a gesture, 
simultaneous user indications (e.g., multi-touch input), a 
time, a status, a direction, a Velocity, a force magnitude, a 
proximity magnitude, a pressure, a size, and other measurable 
or derived information. 

In Some embodiments, a touch input is received at location 
130 on a surface of medium 102. For example, a user touches 
the surface of medium 102 at location 130. In some embodi 
ments, one or more of transmitters 104, 106, 108, and 110 
transmit one or more active signals that are propagated 
through medium 102. The touch inputat location 130 disturbs 
(e.g., Scatters) the propagated signal(s) and the disturbed sig 
nals are received at sensors 112, 114, 116, and 118. By mea 
Suring the disturbance(s) of the propagated signal(s), the loca 
tion and/or a force associated with the touch input may be 
determined. 

FIG. 2 is a block diagram illustrating an embodiment of a 
system for detecting a touch input. In some embodiments, 
touchdetector 202 is included intouchdetector 120 of FIG.1. 
In Some embodiments, the system of FIG. 2 is integrated in an 
integrated circuit chip. Touch detector 202 includes system 
clock 204 that provides a synchronous system time source to 
one or more other components of detector 202. Controller 210 
controls data flow and/or commands between microprocessor 
206, interface 208, DSP engine 220, and signal generator 212. 
In some embodiments, microprocessor 206 processes 
instructions and/or calculations that can be used to program 
software/firmware and/or process data of detector 202. In 
Some embodiments, a memory is coupled to microprocessor 
206 and is configured to provide microprocessor 206 with 
instructions. Signal generator 212 generates a signal to be 
used to propagate a signal Such as a signal propagated by 
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6 
transmitter 104 of FIG. 1. For example, signal generator 212 
generates a pseudorandom binary sequence signal. Driver 
214 receives the signal from generator 212 and drives one or 
more transmitters, such as transmitters 104,106,108, and 110 
of FIG. 1, to propagate a signal through a medium. 
A signal detected from a sensor such as sensor 112 of FIG. 

1 is received by detector 202 and signal conditioner 216 
conditions (e.g., filters) the received analog signal for further 
processing. For example, signal conditioner 216 receives the 
signal outputted by driver 214 and performs echo cancellation 
of the signal received by signal conditioner 216. The condi 
tioned signal is converted to a digital signal by analog-to 
digital converter 218. The converted signal is processed by 
digital signal processor engine 220. For example, DSP engine 
220 correlates the converted signal against a reference signal. 
The result of the correlation may be used by microprocessor 
206 to determine a location associated with a user touch input. 
In some embodiments, the DSP engine determines an ampli 
tude change associated with the converted signal and a refer 
ence signal. The amplitude change may be used by micropro 
cessor 206 to determine a force associated with a user touch 
input. Interface 208 provides an interface for microprocessor 
206 and controller 210 that allows an external component to 
access and/or control detector 202. For example, interface 
208 allows detector 202 to communicate with application 
system 122 of FIG. 1 and provides the application system 
with location information associated with a user touch input. 

FIG. 3 is a flow chart illustrating an embodiment of a 
process for calibrating and validating touch detection. In 
some embodiments, the process of FIG. 3 is used at least in 
part to calibrate and validate the system of FIG. 1 and/or the 
system of FIG. 2. At 302, locations of signal transmitters and 
sensors with respect to a surface are determined. For example, 
locations of transmitters and sensors shown in FIG. 1 are 
determined with respect to their location on a surface of 
medium 102. In some embodiments, determining the loca 
tions includes receiving location information. In various 
embodiments, one or more of the locations may be fixed 
and/or variable. 
At 304, signal transmitters and sensors are calibrated. In 

Some embodiments, calibrating the transmitter includes cali 
brating a characteristic of a signal driver and/or transmitter 
(e.g., strength). In some embodiments, calibrating the sensor 
includes calibrating a characteristic of a sensor (e.g., sensi 
tivity). In some embodiments, the calibration of 304 is per 
formed to optimize the coverage and improve signal-to-noise 
transmission/detection of a signal (e.g., acoustic or ultra 
Sonic) to be propagated through a medium and/or a distur 
bance to be detected. For example, one or more components 
of the system of FIG. 1 and/or the system of FIG. 2 are tuned 
to meet a signal-to-noise requirement. In some embodiments, 
the calibration of 304 depends on the size and type of a 
transmission/propagation medium and geometric configura 
tion of the transmitters/sensors. In some embodiments, the 
calibration of step 304 includes detecting a failure oraging of 
a transmitter or sensor. In some embodiments, the calibration 
of step 304 includes cycling the transmitter and/or receiver. 
For example, to increase the stability and reliability of a 
piezoelectric transmitter and/or receiver, a burn-in cycle is 
performed using a burn-in signal. In some embodiments, the 
step of 304 includes configuring at least one sensing device 
within a vicinity of a predetermined spatial region to capture 
an indication associated with a disturbance using the sensing 
device. The disturbance is caused in a selected portion of the 
input signal corresponding to a selection portion of the pre 
determined spatial region. 
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At 306, Surface disturbance detection is calibrated. In some 
embodiments, a test signal is propagated through a medium 
such as medium 102 of FIG. 1 to determine an expected 
sensed signal when no disturbance has been applied. In some 
embodiments, a test signal is propagated through a medium to 
determine a sensed signal when one or more predetermined 
disturbances (e.g., predetermined touch) are applied at a pre 
determined location. Using the sensed signal, one or more 
components may be adjusted to calibrate the disturbance 
detection. 
At 308, a validation of a touch detection system is per 

formed. For example, the system of FIG. 1 and/or FIG. 2 is 
testing using predetermined disturbance patterns to deter 
mine detection accuracy, detection resolution, multi-touch 
detection, and/or response time. If the validation fails, the 
process of FIG.3 may be at least in part repeated and/or one 
or more components may be adjusted before performing 
another validation. 

FIG. 4 is a flow chart illustrating an embodiment of a 
process for detecting a user touch input. In some embodi 
ments, the process of FIG. 4 is at least in part implemented on 
touch detector 120 of FIG. 1 and/or touch detector 202 of FIG. 
2. At 402, a signal that can be used to propagate an active 
signal through a Surface region is sent. In some embodiments, 
sending the signal includes driving (e.g., using driver 214 of 
FIG. 2) a transmitter Such as a transducer (e.g., transmitter 
104 of FIG. 1) to propagate an active signal (e.g., acoustic or 
ultrasonic) through a propagating medium with the Surface 
region. In some embodiments, the signal includes a sequence 
selected to optimize autocorrelation (e.g., resulting in narrow/ 
short peak) of the signal. For example, the signal includes a 
Zadoff-Chu sequence. In some embodiments, the signal 
includes a pseudorandom binary sequence with or without 
modulation. In some embodiments, the propagated signal is 
an acoustic signal. In some embodiments, the propagated 
signal is an ultrasonic signal (e.g., outside the range of human 
hearing). For example, the propagated signal is a signal above 
20 kHz (e.g., within the range between 80 kHz to 100kHz). In 
other embodiments, the propagated signal may be within the 
range of human hearing. In some embodiments, by using the 
active signal, a user input on or near the Surface region can be 
detected by detecting disturbances in the active signal when it 
is received by a sensor on the propagating medium. By using 
an active signal rather than merely listening passively for a 
user touch indication on the Surface, other vibrations and 
disturbances that are not likely associated with a user touch 
indication can be more easily discerned/filtered out. In some 
embodiments, the active signal is used in addition to receiving 
a passive signal from a user input to determine the user input. 

At 404, the active signal that has been disturbed by a 
disturbance of the surface region is received. The disturbance 
may be associated with a user touch indication. In some 
embodiments, the disturbance causes the active signal that is 
propagating through a medium to be attenuated and/or 
delayed. In some embodiments, the disturbance in a selected 
portion of the active signal corresponds to a location on the 
Surface that has been indicated (e.g., touched) by a user. 
At 406, the received signal is processed to at least in part 

determine a location associated with the disturbance. In some 
embodiments, determining the location includes extracting a 
desired signal from the received signal at least in part by 
removing or reducing undesired components of the received 
signal Such as disturbances caused by extraneous noise and 
vibrations not useful in detecting a touch input. In some 
embodiments, determining the location includes comparing 
the received signal to a reference signal that has not been 
affected by the disturbance. The result of the comparison may 
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8 
be used with a result of other comparisons performed using 
the reference signal and other signal(s) received at a plurality 
of sensors. The location, in some embodiments, is a location 
(e.g., a location coordinate) on the Surface region where a user 
has provided a touch input. In addition to determining the 
location, one or more of the following information associated 
with the disturbance may be determined at 406: a gesture, 
simultaneous user indications (e.g., multi-touch input), a 
time, a status, a direction, a Velocity, a force magnitude, a 
proximity magnitude, a pressure, a size, and other measurable 
or derived information. In some embodiments, the location is 
not determined at 406 if a location cannot be determined 
using the received signal and/or the disturbance is determined 
to be not associated with a user input. Information determined 
at 406 may be provided and/or outputted. 

Although FIG. 4 shows receiving and processing an active 
signal that has been disturbed, in Some embodiments, a 
received signal has not been disturbed by a touch input and the 
received signal is processed to determine that a touch input 
has not been detected. An indication that a touch input has not 
been detected may be provided/outputted. 

FIG. 5 is a flow chart illustrating an embodiment of a 
process for determining a location associated with a distur 
bance on a surface. In some embodiments, the process of FIG. 
5 is included in 406 of FIG. 4. The process of FIG.5 may be 
implemented in touch detector 120 of FIG. 1 and/or touch 
detector 202 of FIG. 2. At 502, a received signal is condi 
tioned. In some embodiments, the received signal is a signal 
including a pseudorandom binary sequence that has been 
freely propagated through a medium with a surface that can 
be used to receive a user input. For example, the received 
signal is the signal that has been received at 404 of FIG. 4. In 
Some embodiments, conditioning the signal includes filtering 
or otherwise modifying the received signal to improve signal 
quality (e.g., signal-to-noise ratio) for detection of a pseudo 
random binary sequence included in the received signal and/ 
or user touch input. In some embodiments, conditioning the 
received signal includes filtering out from the signal extrane 
ous noise and/or vibrations not likely associated with a user 
touch indication. 
At 504, an analog to digital signal conversion is performed 

on the signal that has been conditioned at 502. In various 
embodiments, any number of standard analog to digital signal 
converters may be used. The resulting digital signal is used to 
perform a first correlation at 506. In some embodiments, 
performing the first correlation includes correlating the con 
Verted signal with a reference signal. Performing the correla 
tion includes cross-correlating or determining a convolution 
(e.g., interferometry) of the converted signal with a reference 
signal to measure the similarity of the two signals as a time 
lag is applied to one of the signals. By performing the corre 
lation, the location of a portion of the converted signal that 
most corresponds to the reference signal can be located. For 
example, a result of the correlation can be plotted as a graph 
of time within the received and converted signal (e.g., time 
lag between the signals) vs. a measure of similarity. The 
associated time value of the largest value of the measure of 
similarity corresponds to the location where the two signals 
most correspond. By comparing this measured time value 
against a reference time value (e.g., at 306 of FIG. 3) not 
associated with a touch indication disturbance, a time delay/ 
offset or phase difference caused on the received signal due to 
a disturbance caused by a touch input can be determined. In 
Some embodiments, by measuring the amplitude/intensity 
difference of the received signal at the determined time vs. a 
reference signal, a force associated with a touch indication 
may be determined. In some embodiments, the reference 
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signal is determined based at least in part on the signal that 
was propagated through a medium (e.g., based on a source 
pseudorandom binary sequence signal that was propagated). 
In some embodiments, the reference signal is at least in part 
determined using information determined during calibration 
at 306 of FIG. 3. The reference signal may be chosen so that 
calculations required to be performed during the correlation 
may be simplified. For example, the reference signal used in 
506 is a simplified reference signal that can be used to effi 
ciently correlate the reference signal over a relatively large 
time difference (e.g., lag-time) between the received and con 
Verted signal and the reference signal. 

At 508, a second correlation is performed based on a result 
of the first correlation. Performing the second correlation 
includes correlating (e.g., cross-correlation or convolution 
similar to step 506) the converted signal in 504 with a second 
reference signal. The second reference signal is a more com 
plex/detailed (e.g., more computationally intensive) refer 
ence signal as compared to the first reference signal used in 
506. In some embodiments, the second correlation is per 
formed in 508 because using the second reference signal in 
506 may be too computationally intensive for the time inter 
val required to be correlated in 506. Performing the second 
correlation based on the result of the first correlation includes 
using one or more time values determined as a result of the 
first correlation. For example, using a result of the first cor 
relation, a range of likely time values (e.g., time-lag) that 
most correlate between the received signal and the first ref 
erence signal is determined and the second correlation is 
performed using the second reference signal only across the 
determined range of time values to fine tune and determine 
the time value that most corresponds to where the second 
reference signal (and, by association, also the first reference 
signal) matched the received signal. In various embodiments, 
the first and second correlations have been used to determine 
a portion within the received signal that correspond to a 
disturbance caused by a touch input at a location on a Surface 
of a propagating medium. In other embodiments, the second 
correlation is optional. For example, only a single correlation 
step is performed. 
At 510, a result of the second correlation is used to at least 

in part determine a location associated with a disturbance. In 
Some embodiments, determining the location includes com 
paring a determined time value where the signals of the sec 
ond correlation are most correlated and comparing the deter 
mined time value with a reference time value (e.g., 
determined at 306 of FIG.3) not associated with a touch input 
disturbance, to determine a time delay/offset or phase differ 
ence caused on the received signal due to the disturbance 
(e.g., caused by a touch input). This time delay is associated 
with a signal received at a first sensor and other time delays 
due to the disturbance at other signals received at other sen 
sors are used to calculate a location of the disturbance relative 
to the locations of the sensors. By using the location of the 
sensors relative to a surface of a medium that has propagated 
the received signal, a location on the Surface where the dis 
turbance originated may be determined. 

FIG. 6 is a flowchart illustrating an embodiment of a pro 
cess for determining a location associated with a disturbance. 
In some embodiments, the process of FIG. 6 is included in 
510 of FIG. 5. At 602, a plurality of results of correlations 
performed on a plurality of signals disturbed by a disturbance 
of a surface is received. For example, a result of the correla 
tion performed at 508 of FIG. 5 is received. In some embodi 
ments, a signal is propagated using transmitter 104 and sen 
sors 114, 116, and 118 each receives the propagated signal 
that has been disturbed by a touch input on or near a surface 
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10 
of medium 102 of FIG.1. The propagated signal may contain 
a predetermined signal and the predetermined signal is 
received at the various sensors. Each of the received signals is 
correlated with a reference signal to determine the results 
received at 602. In some embodiments, the received results 
are associated with a same signal content (e.g., same binary 
sequence) that has been freely propagated on a medium at the 
same time. In some embodiments, the received results are 
associated with different signal contents that have been dis 
turbed by the same disturbance. 
At 604, time differences associated with the plurality of 

results are used to determine a location associated with the 
disturbance. In some embodiments, each of the time differ 
ences is associated with a time when signals used in the 
correlation are most correlated. In some embodiments, the 
time differences are associated with a determined time delay/ 
offset or phase difference caused on the received signal due to 
the disturbance. This time delay may be calculated by com 
paring a time value determined using a correlation with a 
reference time value that is associated with a scenario where 
a touch input has not been specified. The result of the com 
parison may be used to calculate a location of the disturbance 
relative to the locations of sensors that received the plurality 
of signals. By using the location of the sensors relative to a 
Surface of a medium that has propagated the received signal, 
a location on the Surface where the disturbance originated 
may be determined. 

FIG. 7 is a flowchart illustrating an embodiment of a pro 
cess of determining a force associated with a user input. The 
process of FIG.7 may be implemented on touch detector 120 
of FIG. 1 and/or touch detector 202 of FIG. 2. 
At 702, a location associated with a user input on a touch 

input Surface is determined. In some embodiments, at least a 
portion of the process of FIG. 4 is included in step 702. For 
example, the process of FIG. 4 is used to determine a location 
associated with a user touch input. In another example, a 
location associated with a user input at location 130 on a 
surface of medium 102 of FIG. 1 is determined. 
At 704, one or more received signals are selected to be 

evaluated. In some embodiments, selecting the signal(s) to be 
evaluated include selecting one or more desired signals from 
a plurality of received signals used to detect the location 
associated with the user input. For example, one or more 
signals received in step 404 of FIG. 4 are selected. In some 
embodiments, the selected signal(s) are selected based at least 
in part on a signal-to-noise ratio associated with signals. In 
Some embodiments, one or more signals with the highest 
signal-to-noise ratio are selected. For example, when an 
active signal that is propagated through a touch input Surface 
medium is disturbed/scattered by a touch input, the disturbed 
signal is detected/received at various detectors/sensors/re 
ceivers coupled to the medium. The received disturbed sig 
nals may be subject to other undesirable disturbances such as 
other minor vibration sources (e.g., due to external audio 
vibration, device movement, etc.) that also disturb the active 
signal. The effects of these undesirable disturbances may be 
larger on received signals that were received further away 
from the location of the touch input. 

In some embodiments, a variation (e.g., disturbance Such 
as amplitude change) detected in an active signal received at 
a receiver/sensor may be greater at certain receivers (e.g., 
receivers located closest to the location of the touch input) as 
compared to other receivers. For example, in the example of 
FIG. 1, touch input at location 130 disturbs an active signal 
sent by transmitter 104. The disturbed active signal is 
received at sensors/receivers 112,114,116, and 118. Because 
sensor/receiver 114 is located closest to touch input location 
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130, it has received a disturbed signal with the largest ampli 
tude variation that is proportional to the force of the touch 
input. In some embodiments, the selected signals may have 
been selected at least in part by examining the amplitude of a 
detected disturbance. For example, one or more signals with 
the highest amplitude associated with a detected touch input 
disturbance are selected. In some embodiments, based at least 
in part on a location determined in 702, one or more signals 
received at one or more receivers located closest to the touch 
input location are selected. In some embodiments, a plurality 
of active signals is used to detect a touch input location and/or 
touch input force intensity. One or more received signals to be 
used to determinea force intensity may be selected for each of 
the active signals. In some embodiments, one or more 
received signals to be used to determine the force intensity 
may be selected across the received signals of all the active 
signals. 
At 706, the one or more selected signals are normalized. In 

Some embodiments, normalizing a selected signal includes 
adjusting (e.g., Scaling) an amplitude of the selected signal 
based on a distance value associated with the selected signal. 
For example, although an amount/intensity of force of a touch 
input may be detected by measuring an amplitude of a 
received active signal that has been disturbed by the force of 
the touch input, other factors such as the location of the touch 
input with respect to a receiver that has received the disturbed 
signal and/or location of the transmitter transmitting the 
active signal may also affect the amplitude of the received 
signal used to determine the intensity of the force. In some 
embodiments, a distance value/identifier associated with one 
or more of the following is used to determine a scaling factor 
used to scale a selected signal: a distance between a location 
of a touch input and a location of a receiver that has received 
the selected signal, a distance between a location of a touch 
input and a location of a transmitter that has transmitted an 
active signal that has been disturbed by a touch input and 
received as the selected signal, a distance between a location 
of a receiver that has received the selected signal and a loca 
tion of a transmitter that has transmitted an active signal that 
has been disturbed by a touch input and received as the 
selected signal, and a combined distance of a first distance 
between a location of a touch input and a location of a receiver 
that has received the selected signal and a second distance 
between the location of the touch input and a location of a 
transmitter that has transmitted an active signal that has been 
disturbed by a touch input and received as the selected signal. 
In Some embodiments, each of one or more selected signals is 
normalized by a different amount (e.g., different amplitude 
Scaling factors). 
At 708, a force intensity identifier associated with the one 

or more normalized signals is determined. The force intensity 
identifier may include a numerical value and/or other identi 
fier identifying a force intensity. In some embodiments, if a 
plurality of normalized signals is used, an associated force 
may be determined for each normalized signal and the deter 
mined forces may be averaged and/or weighted-averaged to 
determine the amount of the force. For example, in the case of 
weighted averaging of the force values, each determined 
force value is weighted based on an associated signal-to-noise 
ratio, an associated amplitude value, and/or an associated 
distance value between a receiver of the normalized signal 
and the location of the touch input. 

In some embodiments, the amount of force is determined 
using a measured amplitude associated with a disturbed por 
tion of the normalized signal. For example, the normalized 
signal represents a received active signal that has been dis 
turbed when a touch input was provided on a Surface of a 
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medium that was propagating the active signal. A reference 
signal may indicate a reference amplitude of a received active 
signal if the active signal was not disturbed by a touch input. 
In some embodiments, an amplitude value associated with an 
amplitude change to the normalized signal caused by a force 
intensity of a touch input is determined. For example, the 
amplitude value may be a measured amplitude of a distur 
bance detected in a normalized signal or a difference between 
a reference amplitude and the measured amplitude of the 
disturbance detected in the normalized signal. In some 
embodiments, the amplitude value is used to obtain an 
amount/intensity of a force. 

In some embodiments, the use of the amplitude value 
includes using the amplitude value to look up in a data struc 
ture (e.g., table, database, chart, graph, lookup table, list, etc.) 
a corresponding associated force intensity. For example, the 
data structure includes entries associating a signal distur 
bance amplitude value and a corresponding force intensity 
identifier. The data structure may be predetermined/pre-com 
puted. For example, for a given device, a controlled amount of 
force is applied and the disturbance effect on an active signal 
due to the controlled amount of force is measured to deter 
mine an entry for the data structure. The force intensity may 
be varied to determine other entries of the data structure. In 
Some embodiments, the data structure is associated with a 
specific receiver that received the signal included in the nor 
malized signal. For example, the data structure includes data 
that has been specifically determined for characteristics of a 
specific receiver (e.g., for sensor/receiver 114 of FIG. 1). In 
Some embodiments, the use of the amplitude value to look up 
a corresponding force intensity identifier stored in a data 
structure includes selecting a specific data structure and/or a 
specific portion of a data structure corresponding to the nor 
malized signal and/or a receiver that received the signal 
included in the normalized signal. In some embodiments, the 
data structure is associated with a plurality of receivers. For 
example, the data structure includes entries associated with 
averages of data determined for characteristics of each 
receiver in the plurality of receivers. In this example, the same 
data structure may be used for a plurality of normalized 
signals associated with various receivers. 

In some embodiments, the use of the amplitude value 
includes using the amplitude value in a formula that can be 
used to simulate and/or calculate a corresponding force inten 
sity. For example, the amplitude value is used as an input to a 
predetermined formula used to compute a corresponding 
force intensity. In some embodiments, the formula is associ 
ated with a specific receiver that received the signal of the 
normalized signal. For example, the formula includes one or 
more parameters (e.g., coefficients) that have been specifi 
cally determined for characteristics of a specific receiver 
(e.g., for sensor/receiver 114 of FIG. 1). In some embodi 
ments, the use of the amplitude value in a formula calculation 
includes selecting a specific formula corresponding to the 
normalized signal and/or a receiver that received the signal 
included in the normalized signal. In some embodiments, a 
single formula is associated with a plurality of receivers. For 
example, a formula includes averaged parameter values of 
parameter values that have been specifically determined for 
characteristics for each of the receivers in the plurality of 
receivers. In this example, the same formula may be used for 
a plurality of normalized signals associated with different 
receivers. 
At 710, the determined force intensity identifier is pro 

vided. In some embodiments, providing the force intensity 
identifier includes providing the identifier (e.g., a numerical 
value, an identifier within a scale, etc.) to an application Such 
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as an application of application system 122 of FIG.1. In some 
embodiments, the provided force intensity identifier is pro 
vided with a corresponding touch input location identifier 
determined in step 406 of FIG. 4. In some embodiments, the 
provided force intensity identifier is used to provide a user 
interface interaction. 

FIG. 8 is a flowchart illustrating an embodiment of a pro 
cess for determining an entry of a data structure used to 
determine a force intensity identifier. In some embodiments, 
the process of FIG. 8 is included in step 304 of FIG.3. In some 
embodiments, the process of FIG. 8 is used at least in part to 
create the data structure that may be used in step 708 of FIG. 
7. In some embodiments, the process of FIG. 8 is used at least 
in part to calibrate the system of FIG. 1 and/or the system of 
FIG. 2. In some embodiments, the process of FIG. 8 is used at 
least in part to determine a data structure that can be included 
in one or more devices to be manufactured to determine a 
force intensity identifier/value corresponding to an amplitude 
value of a disturbance detected in the received active signal. 
For example, the data structure may be determined for a 
plurality of similar devices to be manufactured or the data 
structure may be determined for a specific device taking into 
account the manufacturing variation of the device. 

At 802, a controlled amount of force is applied at a selected 
location on a touch input Surface. In some embodiments, the 
force is provided on a location of a surface of medium 102 of 
FIG. 1 where a touch input may be provided. In some embodi 
ments, a tip of a pointer (e.g., stylus) is pressing at the Surface 
with a controllable amount of force. For example, a controlled 
amount of force is applied on a touch input Surface while an 
active signal is being propagated through a medium of the 
touch input surface. The amount of force applied in 802 may 
be one of a plurality of different amounts of force that will be 
applied on the touch input Surface. 

At 804, an effect of the applied force is measured using one 
or more receivers. Examples of the receivers include sensors 
112-118 of FIG. 1 and transducer transmitters used as receiv 
ers (e.g., transmitters 104-110 of FIG. 1). In some embodi 
ments, measuring the effect includes measuring an amplitude 
associated with a disturbed portion of an active signal that has 
been disturbed when the force was applied in 802 and that has 
been received by the one or more receivers. The amplitude 
may be a directly measured amplitude value or a difference 
between a reference amplitude and a detected amplitude. In 
Some embodiments, the signal received by the one or more 
receivers is normalized before the amplitude is measured. In 
Some embodiments, normalizing a received signal includes 
adjusting (e.g., Scaling) an amplitude of the signal based on a 
distance value associated with the selected signal. 
A reference signal may indicate a reference amplitude of a 

received active signal that has not been disturbed by a touch 
input. In some embodiments, an amplitude value associated 
with an amplitude change caused by a disturbance of a touch 
input is determined. For example, the amplitude value may be 
a measured amplitude value of a disturbance detected in a 
normalized signal or a difference between a reference ampli 
tude and the measured amplitude value of the disturbance 
detected in the normalized signal. In some embodiments, the 
amplitude value is used to obtain an identifier of a force 
intensity. 

In some embodiments, a distance value associated with one 
or more of the following is used to determine a scaling factor 
used to scale a received signal before an effect of a distur 
bance is measured using the received signal: a distance 
between a location of a touch input and a location of a receiver 
that has received the selected signal, a distance between a 
location of the force input and a location of a transmitter that 
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has transmitted an active signal that has been disturbed by the 
force input and received by the receiver, a distance between a 
location of the receiver and a location of a transmitter that has 
transmitted an active signal that has been disturbed by the 
force input and received by the receiver, and a combined 
distance of a first distance between a location of a force input 
and a location of the receiver and a second distance between 
the location of the force input and a location of a transmitter 
that has transmitted an active signal that has been disturbed by 
the force input and received by the receiver. In some embodi 
ments, each of one or more signals received by different 
receivers is normalized by a different amount (e.g., different 
amplitude Scaling factors). 
At 806, data associated with the measured effect is stored. 

In some embodiments, storing the data includes storing an 
entry in a data structure such as the data structure that may be 
used in step 708 of FIG. 7. For example, an entry that asso 
ciates the amplitude value determined in 804 and an identifier 
associated with an amount of force applied in 802 is stored in 
the data structure. In some embodiments, storing the data 
includes indexing the data by an amplitude value determined 
in 804. For example, the stored data may be retrieved from the 
storage using the amplitude value. In some embodiments, the 
data structure is determined for a specific signal receiver. In 
Some embodiments, a data structure is determined for a plu 
rality of signal receivers. For example, data associated with 
the measured effect on signals received at each receiver of a 
plurality of receivers is averaged and stored. In some embodi 
ments, storing the data includes storing the data in a format 
that can be used to generate a graph such as the graph of FIG. 
9. 

In some embodiments, the process of FIG. 8 is repeated for 
different applied force intensities, different receivers, differ 
ent force application locations, and/or different types of 
applied forces (e.g., different force application tip). Data 
stored from the repeated execution of the steps of FIG.8 may 
be used to fill the data structure that may be used in step 708 
of FIG. 7. 

FIG. 9 includes graphs illustrating examples of a relation 
ship between a normalized amplitude value of a measured 
disturbance and an applied force. Graph 900 plots an applied 
force intensity (in grams of force) of a touch input vs. a 
measured amplitude of a disturbance caused by the applied 
force for a single receiver. Graph 902 plots an applied force 
intensity of a touch input vs. a measured amplitude of a 
disturbance caused by the applied force for different receiv 
ers. The plots of the different receivers may be averaged and 
combined into a single plot. In some embodiments, graph900 
and/or graph902 may be derived from data stored in the data 
structure that may be used in step 708 of FIG. 7. In some 
embodiments, graph900 and/or graph902 may be generated 
using data stored in step 806 of FIG.8. Graphs 900 and 902 
show that there exists an increasing functional relationship 
between measured amplitude and applied force. Using a pre 
determined graph, data structure, and/or formula that model 
this relationship, an associated force intensity identifier may 
be determined for a given amplitude value (e.g., Such as in 
step 708 of FIG. 7). 

FIG. 10 is a flowchart illustrating an embodiment of a 
process for providing a combined force. The process of FIG. 
10 may be implemented on touch detector 120 of FIG. 1 
and/or touch detector 202 of FIG. 2. 
At 1002, forces associated with each touch input location 

point of a plurality of touch input location points are deter 
mined. In some embodiments, a user touch input may be 
represented by a plurality of touch input locations (e.g., multi 
touch input, touch input covering a relatively large area, etc.). 
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In some embodiments, for each touch input location point, at 
least a portion of the process of FIG. 7 is used to determine an 
associated force. For example, a force intensity identifier is 
determined for each input location in the plurality of touch 
input locations. 

At 1004, the determined forces are combined to determine 
a combined force. For example, the combined force repre 
sents a total amount of force applied on a touch input surface. 
In some embodiments, combining the forces includes adding 
a numerical representation of the forces together to determine 
the combined force. In some embodiments, a numerical rep 
resentation of each determined force is weighted before being 
added together. For example, each numerical value of a deter 
mined force is weighted (e.g., multiplied by a scalar) based on 
an associated signal-to-noise ratio, an associated amplitude 
value, and/or an associated distance value between a receiver 
and a location of a touch input. In some embodiments, the 
weights of the forces being weighted must Sum to the number 
of forces being combined. 

At 1006, the combined force is provided. In some embodi 
ments, providing the combined force includes providing a 
force intensity identifier to an application Such as an applica 
tion of application system 122 of FIG. 1. In some embodi 
ments, provided combined force is used to provide a user 
interface interaction. In an alternative embodiment, rather 
than providing the combine force, the determined forces for 
each touch input location point of a plurality of touch input 
location points are provided. 

FIG. 11 is a flowchart illustrating an embodiment of a 
process for providing a user interface interaction. The process 
of FIG. 11 may be implemented ontouch detector 120 of FIG. 
1 and/or touch detector 202 of FIG. 2. 
At 1102, one or more indicators associated with a location 

and a force intensity of a user input are received. In some 
embodiments, the indicator(s) include data provided in step 
710 of FIG. 7 and/or step 1006 of FIG. 10. In some embodi 
ments, indicators associated with a sequence of locations and 
associated force intensities are received. 
At 1104, a user interface object associated with the location 

is determined. In some embodiments, the user input is a touch 
screen user interface input and the user interface element 
desired to be indicated by the user input is determined. For 
example, the user input is detected at a location where an icon 
has been displayed and it is determined that a user has desired 
to select the user icon by providing a touch input at a location 
of the icon. In some embodiments, the user interface object 
includes an object displayed on a touchscreen. In some 
embodiments, the user interface object is not an object 
already displayed on a screen. For example, a hidden key 
board user interface object appears when a user touches a 
specific area of a touch input Screen. 
At 1106, a user interface interaction based at least in part on 

the user interface object and the force intensity is provided. 
For example, a user may indicate a desired user interface 
action by varying the amount of force applied on a touch input 
surface and the user interaction indicated by the received data 
in 1102 is provided. Examples of the possible user interface 
interactions are described in the following paragraphs. 

FIG. 12 is a diagram showing an example user interface 
interaction using force information to drag and drop an item 
into a file system folder. In some embodiments, a user may 
drag a desired item (e.g., a file, a folder, a reference, a link, an 
object, etc.) by touching the desired item with a relatively 
“light' force applied to a pointer (e.g., finger, Stylus, etc.) and 
dragging the pointer. A user may desire to drag and drop the 
desired item to a folder to move or copy the item into the 
folder. However if the user wants to drag and drop the desired 
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item into a subfolder of the folder, a user typically has to open 
the folder to reveal the desired subfolder before dragging and 
dropping the desired item. In some embodiments, in order to 
move or copy an item to a subfolder of a displayed folder, a 
user may drag the desired item by touching the desired item 
with a relatively “light' force applied to a pointer (e.g., finger, 
stylus, etc.) and dragging the pointer to the displayed folder 
and applying a force intensity above a threshold level to 
descend into the subfolders of the displayed folder and releas 
ing the pointer once a desired Subfolder is found. As shown in 
diagram 1200, a file may be moved by a “light' touch input to 
an icon representing the file and dragging the touch input to a 
displayed folder and applying greater force intensity to the 
touch input to descend into the contents of the displayed 
folder until a desired destination subfolder is displayed. In 
Some embodiments, by varying the amount of pressure of a 
touch input, a file system hierarchy may be explored. In some 
embodiments, a touch input force intensity greater than a first 
threshold level indicates a command to navigate into a lower 
file system hierarchy and a touch input force less than a 
second threshold level (in some cases, the second threshold 
level may be the same as the first threshold level) indicates a 
command to navigate to a higher file system hierarchy. The 
threshold levels may be preconfigured, dynamically deter 
mined, and/or may be configurable. 

FIG. 13 is a diagram showing an example user interface 
interaction using force information to provide a context 
menu. In some embodiments, traditional touch input device 
button (e.g., mouse button) functionality may be mapped to 
one or more force intensity levels. For example, a “left button 
click” input may be performed by a touch input with a force 
within a first intensity range and a "right button click” input 
may be performed by a touch input with a force within a 
second intensity range. In some embodiments, a “middle 
button click” input may be performed by a touch input with a 
force within a third intensity range. In some embodiments, a 
user may select an area (e.g., spreadsheet cells) or text by 
performing a touch and drag operation with a force intensity 
below a predetermined threshold. Before the touch input is 
released, a user may indicate that a context menu is desired 
(e.g., “right button click”) by increasing the force of the touch 
input above a predetermined/dynamic/configurable threshold 
level. Diagram 1300 shows text selected using a touch and 
drag operation and a context menu displayed when the force 
of the touch input was increased above a predetermined/ 
dynamic/configurable threshold level. 

FIG. 14 and FIG. 15 are diagrams showing examples of 
user interface interactions using force information to navigate 
a menu. As shown in diagram 1400, a user may navigate a 
menu by touching and dragging a touch input to desired menu 
items. A user selects a menu item by increasing the force of 
the touch input above a threshold level and a user cancels the 
menu by releasing the touch input without ever increasing the 
force of the touch input above the threshold level. As shown in 
diagram 1500, a user can navigate a cascading menu by 
touching and dragging a touch input to desired cascading 
menu items. A user selects a cascading menu item by increas 
ing the force of the touch input above a threshold level and a 
user cancels the cascading menu by releasing touch input 
without ever increasing the force of the touch input above the 
threshold level. The threshold levels may be preconfigured, 
dynamically determined, and/or configurable. 

FIG. 16 is a diagram showing an example user interface 
interaction using force information to interact with a virtual 
keyboard. In some embodiments, the virtual keyboard 
includes a keyboard that is displayed on a screen or projected 
on a surface. In some embodiments, a touch input key of a 
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virtual keyboard is only registered as a key press if the force 
of the touch input is above a threshold level or within a first 
intensity range. For example, "lightly resting fingers on a 
virtual keyboard will not register key presses on the virtual 
keyboard and a touch input will only be registered a key press 
when a greater force intensity is provided on the key of the 
virtual keyboard. This may reduce spurious key press events 
(e.g., often generated simply due to a finger lightly brushing 
or contacting the Surface). In some embodiments, alternate 
key functionality may be indicated based on a force of touch 
input. For example, if a force of a touch input on a key is 
within a first range, a lower case or normal character of the 
key is indicated and if the force of the touch input is within a 
second range (e.g., greater than the first range), then a shifted/ 
capitalized character of the key is indicated. The threshold 
levels may be preconfigured, dynamically determined, and/or 
configurable. 

In some embodiments, a touch input gesture and a force 
associated with the gesture indicates that a virtual keyboard 
should be displayed and/or not displayed. For example, when 
a predetermined number of distinct touch inputs are detected 
simultaneously (e.g., 4 or 5 fingers of each hand resting on a 
touch input Surface), a keyboard is displayed. In some 
embodiments, a displayed virtual keyboard is oriented and/or 
located on a screen based at least in part on one or more touch 
inputs received. For example, a virtual keyboard is oriented 
and placed on a touch input display Surface Such that when 
fingers of a user are rested on the Surface, the keys of the home 
row of the virtual keyboard are placed under the location and 
orientation of the placed fingers of the user to place the virtual 
keyboard in standard touch typing position with respect to the 
user's fingers. The keyboard may be split to match the orien 
tation offingers of the user's two hands. Diagram 1600 shows 
a virtual keyboard that has been displayed for a user that has 
placed fingers of the user's left hand higher and angled out as 
compared to fingers of the user's right hand that has been 
placed lower in the opposite angle. In some embodiments, a 
touch input to a key of the virtual keyboard of diagram 1600 
is only registered as a keyboard key press if the force of the 
touch input is above a threshold. The threshold levels may be 
preconfigured, dynamically determined, and/or configurable. 

FIG. 17 and FIG. 18 are diagrams showing example user 
interface interactions using force information to Zoom and 
select user interface objects. In some embodiments, force 
information is used to aid in navigating a dense array of 
objects on the screen (Such as icons, keys, or several hyper 
links close by one another in a body of text). As shown in 
diagram 1700 and 1800, by “lightly' touching a touch input 
display Surface, a region around the touch contact point is 
shown magnified on a display, indicating in greater detail 
what object on the screen is underneath the contact point that 
is being used to provide touch input. When the object to be 
selected (e.g., icon in diagram 1700 and keyboard key in 
diagram 1800) is underneath the contact point, increasing the 
force of the touch input to a level greater than a predetermined 
threshold level (e.g., configurable) selects the object. In some 
embodiments, whena user selects an object and/or completes 
a user interface action, a physical feedback (e.g., haptic feed 
back), visual feedback, and/or audio feedback may be pro 
vided. In some embodiments, when a force of a touch input 
reaches a threshold level, a physical feedback (e.g., haptic 
feedback), visual feedback, and/or audio feedback may be 
provided. 

In some embodiments, force information of touch input is 
used to distinguish between different gestures that otherwise 
might be identical or very similar. For example, a Swipe 
touchscreen gesture of a first force intensity within a first 
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threshold range may be interpreted as a scrolling?panning 
indication and a Swipe touchscreen gesture of a second force 
intensity within a second threshold range may be interpreted 
as a “change to the next window/tab' indication. 

FIG. 19 is a graph illustrating an example of a relationship 
between detected touch input force and direction of change in 
audio volume. Graph 1900 shows that when a touch input is 
within a first intensity range, Volume is not changed, when a 
touch input is within a second intensity range, Volume 
decrease functionality is indicated, and when a touch input is 
within a third intensity range, Volume increase functionality 
is indicated. In some embodiments, force information of a 
touch input is used to control audio volume level of a device. 
In some embodiments, Volume is increased if a force of a 
touch input is above a threshold value (e.g., predetermined, 
dynamically determined, and/or configurable) and the Vol 
ume is decreased if the force is below the threshold value. In 
Some embodiments, the touch input must be received in a 
specified area (e.g., displayed Volume adjustment bar or a 
designated area of a device for adjusting Volume) to control 
the Volume. In some embodiments, the rate of change of the 
Volume is proportional to an amount of force applied in a 
touch input. In some embodiments, an audio output destina 
tion is selected based at least in part on a force of a touch 
input. For example, the audio is outputted to an earpiece of a 
device with no touch input, and as a touch input is provided 
with an increasing force that meets a threshold level, a speak 
erphone function engages at a Volume proportional to a 
detected force. 

FIG. 20 is a diagram showing an example user interface 
interaction using force information to interact with a slider 
bar. In some embodiments, a slider bar may be used to indi 
cate an intensity level or a time location (e.g., video position 
during playback). In some embodiments, when navigating 
through a video sequence, a user wants the slider to move 
quickly to a particular time index/portion of the sequence, but 
then move with greater precision to focus on a particular 
scene or even a single frame of video. Diagram 2000 shows a 
slider bar that can be moved by touching and dragging on the 
slider bar with a touch input. 

In some embodiments, a speed or precision of slider bar 
movement using touch input dragging may be proportional to 
the force intensity level of the touch input. For example, a 
slider control moves with detailed/fine precision when “light' 
pressure is applied but moves with coarse/faster precision 
when “harder” pressure is applied. In some embodiments, the 
slider bar may be moved with greater (e.g., fine or less granu 
lar) precision when a touch input force intensity within a first 
intensity range is applied and moved with less (e.g., coarse or 
more granular) precision when a touch input force intensity 
within a second intensity range is applied. The threshold 
levels may be preconfigured, dynamically determined, and/or 
configurable. 

In some embodiments, a Velocity at which an object Such as 
a finger or stylus contacts a touch input Surface is used to 
control a user interface. For example, video games, virtual 
musical instruments (drums and pianos are two common 
examples), and other applications may utilize Velocity infor 
mation to provide desired functionality. In some embodi 
ments, measurement of contact velocity may be achieved by 
measuring the rate of change of the force. For example, if the 
touch force changes at a given point from 0 to 0.5 pounds in 
20 milliseconds, it can be inferred that the finger or other 
object impacted the touch input Screen at high Velocity. On the 
other hand, a change in force from 0 to 0.1 pounds in 100 
milliseconds could be construed as a relatively low velocity. 
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Both the absolute measure of pressure and the rate-of-change 
of pressure may be useful measures of information in user 
interface design. 

Although the foregoing embodiments have been described 
in Some detail for purposes of clarity of understanding, the 
invention is not limited to the details provided. There are 
many alternative ways of implementing the invention. The 
disclosed embodiments are illustrative and not restrictive. 
What is claimed is: 
1. A system for providing a virtual keyboard interaction, 

comprising: 
a communication interface configured to receive an indi 

cator identifying a force intensity value of a touch input 
provided on a touch input surface; and 

a processor configured to determine that the touch input is 
associated with a virtual keyboard and provide a virtual 
keyboard interaction based at least in part on the indica 
tor identifying the force intensity value of the touch 
input, wherein providing the virtual keyboard interac 
tion includes registering the touch input as a normal 
input key press of the virtual keyboard in the even the 
force intensity value meets a first threshold but is below 
a second threshold and registering the touch input as a 
shifted input key press of the virtual keyboard in the even 
the force intensity value meets the second threshold; 

wherein the force intensity value was determined at least in 
part by analyzing a disturbance caused by the touch 
input to a signal; 

wherein the signal freely propagates in all directions 
through the touch input surface. 

2. The system of claim 1, wherein the virtual keyboard is 
displayed under the touch input surface. 

3. The system of claim 1, wherein the second threshold that 
defines a boundary between the normal input key press and 
the shifted input key press is configurable. 

4. The system of claim 1, wherein the first threshold is 
configurable. 

5. The system of claim 1, wherein the second threshold that 
defines a boundary between the normal input key press and 
the shifted input key press and the first threshold are config 
urable. 

6. The system of claim 1, wherein the shifted input key 
press is a capitalized input key press. 

7. The system of claim 1, wherein providing the virtual 
keyboard interaction includes displaying the virtual keyboard 
at a location on the touch input surface where the touch input 
was received. 

8. The system of claim 7, wherein the displayed virtual 
keyboard is oriented to place a home row of the virtual key 
board at the location. 

9. The system of claim 7, wherein the displayed virtual 
keyboard is a split keyboard. 

10. The system of claim 1, wherein the processor is con 
figured to provide a feedback in the event the force intensity 
value meets a threshold. 

11. The system of claim 1, wherein providing the virtual 
keyboard interaction includes displaying a magnified view of 
at least a portion of the virtual keyboard in the event the force 
intensity value does not meet the first threshold. 

12. The system of claim 1, wherein the signal includes an 
ultrasonic signal. 

13. The system of claim 1, wherein the communication 
interface is further configured to send a signal to be used to 
propagate a propagating signal through a propagating 
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medium with the touch input surface and receive the propa 
gating signal that has been disturbed by the touch input with 
an amount of force on the touch input surface. 

14. The system of claim 1, wherein the force intensity value 
was determined at least in part by determining a signal ampli 
tude associated with a portion of the signal disturbed by the 
touch input. 

15. The system of claim 14, wherein the signal amplitude is 
a function of the magnitude force intensity value. 

16. The system of claim 1, wherein the communication 
interface is configured to receive a location on the touch input 
surface where the touch input was received. 

17. A method for providing a virtual keyboard interaction, 
comprising: 

receiving an indicator identifying a force intensity value of 
a touch input provided on a touch input surface; 

determining that the touch input is associated with a virtual 
keyboard; and 

using a processor to provide a virtual keyboard interaction 
based at least in part on the indicator identifying the 
force intensity value of the touch input, wherein provid 
ing the virtual keyboard interaction includes registering 
the touch input a normal input key press of the virtual 
keyboard in the even the force intensity value meets a 
first threshold but is below a second threshold and reg 
istering the touch input as a shifted input key press of the 
virtual keyboard in the event the force intensity value 
meets the second threshold; 

wherein the force intensity value was determined at least in 
part by analyzing a disturbance caused by the touch 
input to a signal; 

wherein the signal freely propagates in all directions 
through the touch input surface. 

18. A computer program product for providing a virtual 
keyboard interaction, the computer program product being 
embodied in a non-transitory computer readable storage 
medium and comprising computer instructions for: 

receiving an indicator identifying a force intensity value of 
a touch input provided on a touch input surface; 

determining that the touch input is associated with a virtual 
keyboard; and 

using a processor to provide a virtual keyboard interaction 
based at least in part on the indicator identifying the 
force intensity value of the touch input, wherein provid 
ing the virtual keyboard interaction includes registering 
the touch input a normal input key press of the virtual 
keyboard in the even the force intensity value meets a 
first threshold but is below a second threshold and reg 
istering the touch input as a shifted input key press of the 
virtual keyboard in the event the force intensity value 
meets the second threshold; 

wherein the force intensity value was determined at least in 
part by analyzing a disturbance caused by the touch 
input to a signal; 

wherein the signal freely propagates in all directions 
through the touch input surface. 

19. The method of claim 17, wherein the second threshold 
that defines a boundary between the normal input key press 
and the shifted input key press is configurable. 

20. The method of claim 17, wherein providing the virtual 
keyboard interaction includes displaying the virtual keyboard 
at a location on the touch input surface where the touch input 
was received. 


